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Abstract: Eamed value management systems (EVMS) are used by industry practitioners to successfully manage projects and programs;
however, there has been no past study to characterize and evaluate the impact of EVMS maturity on project performance. This paper introduces
anovel framework, developed to measure the EVMS maturity, composed of 56 attributes arrayed across ten subprocesses, which together make
up an integrated project/program management system. This paper describes how the framework was conceived and developed, based on
literature review and data collected from industry workshops. Then, it examines the relationship between EVMS maturity and ten project
performance metrics through statistical analyses. The study analyzed project data from 35 projects and programs worth over $21.8 billion
in total cost. For this sample, results showed statistically significant differences between projects with high and low EVMS maturity; on
average, projects exhibiting high EVMS maturity have 54% less cost overruns and 19% less change orders versus their performance meas-
urement baseline. Higher maturity projects and programs also achieve better customer satisfaction, meet business objectives more often, and are
more often in compliance with EVMS standards and guidelines. This paper contributes to the body of knowledge by providing a practical and
novel framework for assessing the maturity of earned value management systems. Practitioners can use the framework to improve their
integrated project and program management. DOI: 10.1061/JCEMD4.COENG-12985. This work is made available under the terms of
the Creative Commons Attribution 4.0 International license, https://creativecommons.org/licenses/by/4.0/.

Practical Applications: A novel framework was developed using inputs from literature sources, a broad survey, and industry practitioners
that facilitates the measurement of maturity of earned value management systems (EVMS), and tested on 35 completed projects and programs.
The framework consists of 56 EVMS maturity attributes that make up ten EVMS subprocesses (e.g., organizing, planning and scheduling, risk
management, etc.) with each allowing measurement in terms of five maturity levels. These attributes are core characteristics or qualities of
subprocesses that are essential to fielding an effective EVMS. Organizations can use the framework presented here to assess and/or “tailor”
the EVMS applied to their projects and programs to support the needs for an integrated project and program management. Out of 35 projects and
programs studied, those with higher EVMS maturity showed 54% less cost overruns and 19% less change orders versus baseline on average, than
those with lower EVMS maturity. Projects with higher EVMS maturity were found to achieve better customer satisfaction, business objectives
and were significantly more compliant with EVMS standards and guidelines. Owners and contractors can use the framework on large and
complex projects to screen EVMS application and highlight specific gaps to achieve best-in-class EVMS leading to better performance.

Introduction categorized around different process areas, this study considers
the following EVMS subprocesses from the literature: organizing,
planning and scheduling, budgeting and work authorization,
accounting considerations, indirect cost management, analysis and
management reporting, change control, material management, sub-
contract management, and risk management (Aramali et al. 2022b,
2021; NDIA 2020). According to Aramali et al. (2022b), the ap-
plication of EVMS is complex because it necessitates the integra-
tion of these technical subprocesses; for example, (1) EVMS needs
to be integrated with risk management, (2) schedule forecasting
needs to be integrated with risk management, and (3) concurrently
the prime contractor’s EVMS flow-down requirements to subcon-
tractors need to be fully integrated with risk management, and so
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Organizations use earned value management systems (EVMS)
to manage projects successfully in different industries (e.g., Liu
et al. 2022; Alzraiee 2018; Hanna 2012). Although EVMS can be

! Assistant Professor, Dept. of Civil Engineering and Construction Man-
agement, California State Univ., Northridge, CA 91330-8347 (corresponding
author). ORCID: https://orcid.org/0000-0002-1631-5360. Email: vartenie
.aramali @ csun.edu

*Emeritus Professor, School of Sustainable Engineering and the
Built Environment, Arizona State Univ., Tempe, AZ 85287-3005. Email:
egibson4 @asu.edu

3Associate Professor and Co-Director, National Center of Excellence

January 10, 2023; published online on March 28, 2023. Discussion period

open until August 28, 2023; separate discussions must be submitted for
individual papers. This paper is part of the Journal of Construction En-
gineering and Management, © ASCE, ISSN 0733-9364.

© ASCE 04023031-1

Therefore, this paper focuses on EVMS process maturity in an
integrated project/program management setting, where integrated
project and program management is an integral part of planning,
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scheduling, estimating, budgeting, monitoring, controlling, and
managing projects and programs.

The definition of EVMS maturity is “the degree to which an im-
plemented system, associated subprocesses, and deliverables serve
as the basis for an effective and compliant EVMS” (Aramali et al.
2022b). Assessment of maturity requires that one evaluate a system
of attributes that the authors define as core characteristics or qualities
of subprocesses that are essential to fielding an effective EVMS.
EVMS subprocesses are applied within the scope of a given project,
regardless of its characteristics. Taken together, these subprocesses
allow the contractor to self-govern the project or program.

Contractors and clients often use EVM systems that are compli-
ant with various standards and guidelines (DOE 2020; PMI 2019;
McNamee et al. 2017; Kwak and Anbari 2012), which indirectly
corresponds to mature EVMS (Bembers et al. 2017; Liggett et al.
2017; Stratton 2006). Of the recognized organizations that have
formed the standards and guidelines are the International Organi-
zation for Standardization (ISO), the National Defense Industrial
Association (NDIA) Integrated Program Management Division
(IPMD), and the Project Management Institute/ American National
Standards Institute (PMI/ANSI) (PMI 2019; ISO 2018; NDIA
2018a). For example, the U.S. government’s expectation from the
contractors’ EVMS is compliance with ANSI/EIA-748 for various
types of project acquisitions (DOE 2020; Lindsay et al. 2013; Frahm
2012). Specifically, EVMS is compliant when it satisfies the intent
of the standards and guidelines leading thereby to EVM data that is
timely, reliable, and actionable (PMI 2019; NDIA 2018b). However,
guidelines and standards are subject to different interpretations and
understanding across customers and contractors (Cho et al. 2020;
NDIA 2016; Melamed and Plumery 2015; Finefield 2013a, b).

A recent state-of-the-art review of EVMS, where more than 600
references have been checked, identified two gaps in the body of
knowledge related to EVMS maturity (Aramali et al. 2022d). First,
a consistent assessment method that could measure the maturity
level of EVMS subprocesses has not been developed. Second,
except for anecdotal evidence, the impact of EVMS maturity on
project performance outcomes has not been studied in detail.

Accordingly, the U.S. Department of Energy (DOE) initiated
a research project, as outlined in this paper, to address these gaps.
Its purpose was to establish a singular, objective, and performance-
driven EVMS maturity assessment framework developed with
input from multiple sources, with the expectation that it would ad-
dress the inconsistency of EVMS application. Based on past liter-
ature (Aramali et al. 2022b, d; Cho et al. 2020), organizations were
found to apply EVMS by following differing guiding sources, as
well as checking compliance in a variety of ways. It also had as an
objective to evaluate the impact of maturity in terms of typical
project and program performance measures. As such, the objectives
of this paper are to develop and test the discussed framework and
study the impact of maturity on project performance. Consequently,
three research questions are explored: (1) How can the technical
components of the EVMS be objectively assessed? (2) How can
the technical components of the EVMS’ level of maturity be mea-
sured? (3) Is there a relationship between EVMS maturity and
project performance?

A research team was formed to oversee this effort (called “RT”,
for brevity). The RT was composed of 36 industry experts from 18
public and private organizations that operate internationally and
representing owners, contractors, and consultants. Its role was to
steer and provide input to the research efforts and provide feedback
based on its collective expertise.

This paper contributes to the body of knowledge by providing a
practical (hands-on) and novel framework for assessing the matu-
rity of earned value management systems. Practitioners can use the
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framework to improve their integrated project and program manage-
ment approach. It encourages the project management community
to apply the maturity concept and advance the current and traditional
EVMS applications using a systematic approach. The assessment
process also allows different stakeholders to collectively address
gaps preventing an effective integrated project and program man-
agement. Furthermore, this study shows the importance of using
this framework by providing data showing how poor EVMS matu-
rity impacts project performance specifically in terms of expected
cost overruns and change orders versus the project baseline for the
collected sample. As such, this justification encourages practitioners
to proactively manage their EVMS subprocesses before issues arise
throughout the project lifecycle.

The outline of this paper is as follows. First, the literature review
section briefs the literature done on the maturity concept in EVMS.
Next, the details of the research method are presented through four
subsections corresponding to each of the research steps. The fol-
lowing section discusses the results of the framework development
and testing. Finally, conclusions with guidance to practitioners are
provided.

Literature Review

Maturity in Project Management

Since the inception of the maturity concept in the late 1980s in the
software engineering industry (Humphrey 1989), a number of re-
searchers have adapted it in various disciplines including project
management. Aramali et al. (2022d) gathered a list of 11 maturity
models applied in project management from the last two decades.
These models assess various well-defined components in various
project management applications. Andersen and Jessen (2003) aim
to assess the maturity of knowledge defined as the ability to per-
form different tasks, and actions defined as performing the tasks in
reality. Yussef et al. (2019) aim to assess well-defined technical
project definition elements in five maturity levels. Kerzner (2009)
provided definitions for 16 points leading to project maturity. Yet,
assessing technical components of EVMS through their maturity
has not been similarly looked at in the literature raising questions
such as whether they can be first defined and so measured. Also, a
key difference in the maturity models from the literature is the vis-
ual representation of the maturity stages. For example, Gareis and
Huemann (2000) used a spider-web presentation to illustrate the
maturity levels of project management competencies. Crawford
(2001) described a five-level scalable model for project maturity.
Andersen and Jessen (2003) used the notion of a three-level ladder
for maturity and represented it in a triangular format.

Despite the debates among the researchers on the best format,
the common goal was to improve the organizational processes and
competencies by moving toward higher maturity levels. The matu-
rity concept applied to technology was similarly proven to be ef-
fective when developing complex product systems (Patanakul et al.
2016; Magnaye et al. 2014), in construction lessons-learned pro-
grams (Caldas et al. 2009), and in military programs (Garrett and
Rendon 2006). Even though maturity models are prevalent in proj-
ect and construction management, there is one explicit model to
assess and improve specifically the application of EVMS in the
literature. It was developed by Stratton (2000) in early 2000 and
where compliance of EVMS with ANSI/EIA 748 guidelines gives
EVMS a higher level of maturity. This model was once applied to
oil and gas production by Zhan et al. (2019) to improve the effec-
tiveness of EVM. Other references exist from the industry sources,
such as the EVMS scalability guide (NDIA 2020), however, they
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are conceptual, subject to differing interpretations, and do not ex-
plicitly discuss EVMS maturity. First, these gaps create an oppor-
tunity to update the knowledge of EVMS maturity with a recent and
practical model. Second, developing the model by building upon
multiple guidelines could lead to a consistent EVMS application.
Also, EVMS maturity attributes have not been identified in the aca-
demic sources and definitions for each level of maturity per attrib-
ute do not exist.

Maturity and Project Performance

Initially, the project management maturity models became popular
through an assumption that higher maturity will lead to better out-
comes, then the probability of project success will also improve. To
this end, assessing actual project performance data against project
management maturity and finding meaningful results were chal-
lenging to almost disappointing in research (Brookes et al. 2014;
Mullaly 2014; Jugdev and Miiller 2005; Caldas et al. 2009). The
reasons why there are different maturity frameworks in the project
management field are identified in the literature review by Aramali
et al. (2022d), most specifically that there are differences in the way
organizations apply project management (Joseph and Lukas 2008).
These inconsistencies could lead to misleading findings in relation
to the improvement of project performance. However, the potential
in finding evidence on the relation of EVMS maturity to project
performance through a consistent maturity model is promising for
two reasons. First, the application of EVMS is more or less stand-
ardized by the support of documented guidelines that practitioners
use (Cho et al. 2020). Second, the industry claims that EVMS is
reliable when it follows guidelines (Orgut et al. 2020; Christensen
1998). Therefore, the literature supports an opportunity to create a
novel maturity model applicable on EVMS within the scope of
a project, based upon guidelines. Research interest in EVM has
increased since the 2000s, yet there is a lack of evidence in the
literature on EVMS maturity (Kwak and Anbari 2009).

Research Method

Industry survey results and past literature on the topic of EVMS
were the foundations of this research (Aramali et al. 2021, 2022d).
The survey analyzed responses from 294 individuals, representing
organizations operating in up to 29 countries across North
America, Europe, South Africa, and the Middle East. From the
survey, the subject matter experts identified an existing industry
need for a more consistent maturity assessment framework across
organizations. The analysis of 160 publications from the past decade
exposed the lack of an EVMS maturity model. After identifying
these gaps from the literature, the authors proceeded with develop-
ing the framework.

Step 1: Framework Development

As a starting point for building the framework and with the support
of the RT, the authors collected a list of major and international
EVMS standards and guidelines (e.g., GAO 2019; McGregor 2019;
DOE 2018; ISO 2018; NASA 2018; NDIA 2018a; PMI 2019).
The authors started with an initial list of 82 maturity attributes that
the DOE uses in EVMS compliance reviews that are linked to the
32 ANSI/EIA-748 guidelines (DOE 2018; NDIA 2018a). To ensure
comprehensiveness and applicability across geographic boundaries,
the RT also added to the attributes from international guidelines such
as the ISO and PMI in conjunction with ANSI (PMI 2019; ISO
2018). Then the RT combined any existing duplicates and related
concepts in the list. For instance, two attributes were found to
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address the same concept of organizational elements; the first
attribute checks if all authorized tasks are assigned to the organi-
zational elements of the project or the program, while the second
attribute checks if all major subcontractor work efforts are identi-
fied and integrated into the project or program’s organizational
breakdown structure (OBS). The RT merged these two into one
maturity attribute called organizational breakdown structure, and
ensured that both key ideas are covered within. A similar method
was used looking at all attributes. By comparing all the 82 maturity
attributes versus one another, and merging the related concepts,
gathering input over a period of eight months, the list was con-
densed into a final list of 56 attributes. The attributes are organized
around the ten EVMS subprocesses mentioned earlier. The list of
the 56 maturity attributes is shown in Fig. 1 and starts with A.1 and
ends with J.2, where A denotes the organizing EVMS subprocess A,
1 denotes the first attribute of subprocess A, and so forth.

The authors adopted a maturity rating scale for each attribute,
ranging from 1, meaning the work on the attribute has not yet started,
to 4, meaning compliant to guidelines, and 5, which is the highest
maturity level beyond compliance. Each attribute is described in the
same tabulated layout where each column corresponds to a maturity
level (56 tables in total). For clarity, attribute description and matu-
rity level explanation in each column were drafted by the RT with
reference to EVMS guidelines (Aramali et al. 2022b). Fig. 2 repre-
sents an example of the maturity table for attribute A.2. The table
layout for all 56 attributes is similar. In addition, the authors arranged
these attributes into scoresheet format by attribute name and their
rating levels, with scores to be assigned to each maturity level as
explained next.

Step 2: Framework Development Workshops

The authors hosted four workshops, where 56 EVMS practitioners
(coincidentally) provided comments on each of the 56 maturity
attribute tables (the maturity assessment framework). Furthermore,
they assessed the attributes under each subprocess, then the ten
subprocesses in order of importance by providing relative weights.
These weights were needed to calculate the normalized weights
of the 56 attributes and complete the scoresheets by developing
scores to each maturity level per attribute. To engage the industry
knowledge into the research, the workshops adopted the format of
“research charrettes” from the literature, however, they were held
virtually due to the challenges of the COVID-19 pandemic (Gibson
et al. 2022; Gibson and Whittington 2010). A research charrette
is a novel and efficient data collection approach proven effective
in construction engineering and management research. It allows
knowledge-sharing through real-time interactions between subject
matter experts and academic researchers in a focus group setting.
Key benefits include focused discussions, valuable data input and
insights from industry participants, accelerated time in data collec-
tion, and so forth.

Based on the weights collected from the workshop participants,
the maturity attribute level 5 scores were generated giving a maxi-
mum score of 1,000. The process for collecting and calculating the
maturity level 5 scores based on the collected weights required sev-
eral steps. First, the participants were asked to provide information
about a project from their experience, and use this project as a refer-
ence (or anchor) when thinking about prioritizing the attributes and
subprocesses. Then, they were asked to allocate 100 points among
the x attributes making up each subprocess based upon their per-
ception of the attribute’s relative impact on the subprocess maturity.
For example, when weighing the attributes under subprocess A, if
attribute A.1 is more important than A.2 to A.S5, then they allocated
more points to A.1. As an example, they could give A.1 a weight
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A. ORGANIZING
A.1.  Product-Oriented Work Breakdown Structure (WBS)
A.2.  Work Breakdown Structure (WBS) Hierarchy
A.3.  Organizational Breakdown Structure (OBS)
A4. Integrated System with Common Structures
A.5.  Control Account (CA) to Organizational Element
B. PLANNING AND SCHEDULING
B.l.  Authorized, Time-Phased Work Scope
B.2.  Schedule Provides Current Status
B.3.  Horizontal Integration
B.4.  Vertical Integration
B.5.  Integrated Master Schedule (IMS) Resources
B.6.  Schedule Detail
B.7. Critical Path and Float
B.8.  Schedule Margin (SM)
B.9.  Progress Measures and Indicators
B.10. Time-Phased Performance Measurement Baseline (PMB)
C. BUDGETING AND WORK AUTHORIZATION
C.1.  Scope, Schedule and Budget Alignment
C.2. Summary Level Planning Packages (SLPPs)
C.3.  Work Authorization Documents (WADs)
C4. Work Authorization Prior to Performance
C.5.  Budgeting by Elements of Cost (EOC)
C.6. Work Package Planning, Distinguishability, and Duration
C.7.  Measurable Units and Budget Substantiation

C.9.  Identify and Control Level of Effort (LOE) Work Scope
C.10. Identify Management Reserve (MR) Budget
C.11.  Undistributed Budget (UB)
C.12.  Reconcile to Target Cost Goal
D. ACCOUNTING CONSIDERATIONS
D.1.  Direct Costs
D.2.  Actual Cost Reconciliation
D.3.  Recording Direct Costs to Control Accounts (CAs) and/or
Work Packages (WPs)
D.4.  Direct Cost Breakdown Summary

C.8. Appropriate Assignment of Earned Value Techniques (EVTs)

E. INDIRECT BUDGET AND COST MANAGEMENT
E.l.  Indirect Account Organization Structure
E.2. Indirect Budget Management
E.3.  Record/Allocate Indirect Costs
E.4.  Indirect Variance Analysis

F. ANALYSIS AND MANAGEMENT REPORTING

F.1. Calculating Variances

F.2. Variances to Control Accounts (CAs)

F.3. Performance Measurement Information

F4. Management Analysis and Corrective Actions

F.5. Estimates at Completion (EAC)
G. CHANGE CONTROL
G.1.  Controlling Management Reserve (MR) and
Undistributed Budget (UB)
G.2.  Incorporate Customer Directed Changes in a Timely
Manner
G.3.  Baseline Changes Reconciliation
G.4.  Control of Retroactive Changes
G.5.  Preventing Unauthorized Revisions to the Contract
Budget Base (CBB)/Project Budget Base (PBB)
G.6.  Over Target Baseline (OTB)/Over Target Schedule
(OTS) Authorization
H. MATERIAL MANAGEMENT
H.1.  Recording Actual Material Costs
H.2.  Material Performance
H.3.  Residual Material
H.4.  Material Price/Usage Variance
H.5.  Identification of Unit Costs and Lot Costs
1. SUBCONTRACT MANAGEMENT

L1. Subcontract Identification and Requirements Flow
Down
1.2. Subcontractor Integration and Analysis

1.3. Subcontract Oversight

J. RISK MANAGEMENT
J.1. Identify, Analyze and Manage Risk
J.2. Risk Integration

Fig. 1. List of the 10 maturity subprocesses and their 56 attributes.

of 40, A.2 a weight of 20, A.3 a weight of 20, A.4 a weight of 10,
and A.5 a weight of 10, with all adding to 100. They proceeded to
do this for attributes within all the remaining nine subprocesses,
always using their anchor project as a basis for their weighting
decisions.

The participants were also asked to repeat the same exercise but
instead weigh the subprocesses by allocating 100 points among the
ten based upon their perception of each’s relative impact to the
overall EVMS maturity, again using their anchor project as a per-
sonal reference. For example, if in the opinion of the respondent,
subprocess A is more important than subprocesses B through J, then
the respondent could allocate more points to A. As an example, they
could allocate 25 points to subprocess A and distribute the remain-
ing 75 points in a lesser amount to the other nine subprocesses, with
all summing to 100.

Using this collective data from the 56 respondents, the authors
calculated the attribute average weights and the subprocess average
weights. As an example, A.1 (product-oriented work breakdown
structure), one of the five attributes making up subprocess A, re-
ceived an average weight of 22.8 out of 100 points within subprocess
A (organizing); subprocess A (organizing), one of the ten subpro-
cesses, received an average weight of 10.9 out of 100.

After calculating the average weights, the authors performed an
outlier analysis in order to check the veracity of respondent input
(Aramali et al. 2022a; Kwak and Kim 2017; DeSimone et al. 2015).
The authors identified extreme/outlier responses in the collected
weights, which are data points lying far from the majority (Kwak
and Kim 2017; DeSimone et al. 2015), at the subprocess level and
at the attribute level. As a result, responses from five participants
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were identified as outliers. The remaining 51 data sets were used to
calculate the level 5 maturity scores as briefly described in the next
paragraph (Aramali et al. 2022a).

After the outlier analysis was completed, several score calcula-
tion schemes were tried to develop the final level 5 relative weights
for all attributes. The first two schemes were Scheme A and Scheme
B. Scheme A was purely based on the weighting responses from the
workshops, which had issues such as overinflating some of the indi-
vidual attribute scores in the smaller subprocesses [Eq. (1)]. Scheme
B attempted to address this issue by adding a new multiplier entitled
attribute distribution factor (%) that took into account the number
of attributes that make up each subprocess [Eq. (2)]. This factor was
calculated by dividing the number of attributes per subprocess by
56, multiplied by 100. However, a potential issue in Scheme B was
that four subprocesses’ attribute scores were changed significantly
compared to the workshop inputs, with differences greater than 50%
compared to Scheme A scores. Therefore, the authors completed
101 different iterations moving between Schemes A and B by
incrementally changing scores from Scheme A by 1%. The 52™ sce-
nario was the best fit, with 52% Scheme A score and 48% Scheme B
score [Eq. (3)]. Ultimately, this iteration was the best fit, where
subprocess weights matched participant results in the workshops,
while at the same time the attribute score inflation was minimized.
More details of this methodology can be found in Aramali et al.
(2022a). The corresponding equations are as follows.

Scheme A score = (attribute average weight

x subprocess average weight) x 1000 (1)
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attribute average weight x subprocess average weight x attribute distribution factor

Scheme B score = (

summation of the numerator across all the 56 attributes

) x 1000 (2)

Attribute Level 5 score = 52% x (Scheme A score) + 48% x (Scheme B score) (3)

As an example, based on the workshop inputs with outliers re-
moved, attribute A.1 had an average weight of 22.6% within sub-
process A. Subprocess A had an average weight of 10.5% across all
ten subprocesses. Therefore, attribute A.1’s normalized weighted
score is 23.73, rounded to 24, out of 1,000 [result of Eq. (1):
0.226 x 0.105 x 1000]. Then, since subprocess A has five attrib-
utes, therefore the attribute distribution factor is 8.93% (result of
5/56 x 100). In the same example of attribute A.1 mentioned ear-
lier, the numerator of the Eq. (2) is (0.226 x 0.105 x 8.93%) =
0.0021; whereas the denominator is the sum of repeating this
step of A.1 across all 56 attributes, producing 0.11048 (step to
normalize the scores across all the 56 attributes). Therefore, the
normalized weighted score in Scheme B for attribute A.1 is:
(0.0021/0.11048) x 1000 = 19.18, rounded to 19. The final artri-
bute level 5 score represents 52% Scheme A score and 48%
Scheme B score [Eq. (3)]. In this case, the example of attribute A.1
continues with a final level 5 maturity score that is 21.55, rounded
to 22, out of 1,000 (calculated as 23.73 x 52% + 19.18 x 48%).

These steps were applied to all the attributes and the resulting scores
are shown in the results section (specifically in Fig. 3).

Linear interpolation was applied to generate the scores of the
maturity levels 2, 3, and 4 for each attribute. The authors used an
interpolation between the score of O for level 1 and the scores cal-
culated earlier for level 5 (Aramali et al. 2022a). Accordingly, the
scores were finally filled in the scoresheets, which are used to as-
sess each attribute when applied to a project or program. Also, since
the application of EVMS is tailorable and dependent on project
characteristics, the scoresheet allowed the option to specify attrib-
utes that are not applicable to the project being evaluated (Van Der
Steege 2019; Bergerud 2017).

As previously mentioned, 56 individual practitioners partici-
pated in the framework development workshops. These are the
individuals that did not yet test the framework but contributed to
the development of the framework. They collectively represented
32 unique organizations and had an average of 19 years of industry
experience. Other than having significant EVM and integrated

SUB-PROCESS A:

groupings and is inclusive of hierarchy and
all authorized contract and authorized work
project life cycle work efforts scope.

regardless of the entity
performing the work. The
WBS is decomposed from a
high-level “system” and de-

authorized work
scope, with only
minor gaps or
errors.

hierarchy and
authorized work
scope.

ORGANIZING Maturity Level

LOW MEDIUM HIGH
A.2. Work Breakdown 1 2 3 4 5
Structure (WBS) Hierarchy
The Work Breakdown Little vertical Vertical integration | Complete vertical Vertical
Structure (WBS) scope is integration exists exists between the | integration exists integration
arranged in clear and logical between the WBS WBS hierarchy and | between the WBS between the WBS

hierarchy and
authorized work
scope reflects all
authorized
changes within a
reporting period
of the change.

constructed into sub-systems
and components to ensure a
hierarchy that helps effectively
manage the project/program.
There is clear vertical
integration traceability
between the WBS hierarchy
and the authorized work
scope.

The process to
maintain a logically
grouped WBS has
started, with
hierarchical
integration of all
authorized scope that
accurately reflects
the products,
services, and
deliverables required

Not yet started.

Items to consider include:

Statement of Work to complete the
(SOW)/Statement of program.
Objectives (SOO) ...and so on
Work Breakdown

Structure (WBS)

...and so on

References: NDIA (2018a)
Guideline 1; ISO (2018); PMI
(2019); and so on.

Most of the process
to develop and
maintain a logically
grouped WBS has
been defined, with
limited open items.
The process includes
hierarchical
integration of all
authorized scope that
accurately reflects
the products,
services, and
deliverables required
to complete the
program.

...and so on

The process to
develop and maintain
a logically grouped
WBS has been
defined,

documented, and
approved.

...and so on

Note: The attribute at
this level 4 is
compliant with
standards and
guidelines.

All authorized
WBS elements and
groupings are
consistent and have
clear vertical
integration that is
100 percent
traceable. They
reflect any
contractual
changes, and this
process is
repeatable from
month to month,
including changes
and additions to the
WBS. WBS
elements are clearly
specified for
external reporting
and are traceable to
authorized work
scope.

...and so on

Fig. 2. Sample layout for an EVMS maturity attribute (e.g., attribute A.2 shown here).
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Note: The numbers of the attributes (A.1 to J.2) and sub-processes (A to J) are shown here. Refer to

Figure 1 for their full names.

Fig. 3. Level 5 maturity scores for all attributes.

project management experience for over 10 years and working for
clients and contractors, there were no other specific criteria or
selection process for individuals to participate in the workshops. The
workshops were open to industry practitioners involved in project
management and specifically EVMS implementation; the invita-
tions were sent to leading organizations on the topic, through the
help of the research team; and participation was voluntary. The
majority represented government contractor organizations (41%),
followed by government organizations (34%) and consultants
(16%), and the remaining represented software developers and
manufacturers (9%). Hence, a variety of perspectives were consid-
ered when establishing the framework. In terms of employment
role, roughly 36% were in project controls management role, 21%
in project management, 16% in compliance management, 14%
in consulting, and the remaining 13% were mostly executives.
Overall, the framework development input came from a diverse
pool of individuals with a variety of expertise. In total, the work-
shop participants provided 859 comments which were resolved by
the RT to produce the final version of the maturity assessment
framework.

Step 3: Framework Testing and Data Collection

The individuals who participated in past workshops, as well as ad-
ditional experts suggested by the RT were invited to four additional
workshops to test the framework voluntarily on their completed
projects. During these workshops, each participant was asked to
select a completed reference project that they had been involved
with in some capacity, collecting this data via a live Qualtrics sur-
vey as the workshop progressed. Then, the respondents were asked
to provide background and completion data indicating project per-
formance. Next, participants were asked to review the attribute
tables with maturity level descriptions and rate the maturity level
of the 56 attributes as applied on their projects at 20 percent project
completion. This project lifecycle point in time was selected based
on RT input and the literature, since EVMS is established or rel-
atively matured at this point in a project lifecycle as described by
Aramali et al. (2022b). The selection of any maturity level allowed
the authors to calculate its corresponding score. The score sum of
the assessment of all attributes represents the overall EVMS matu-
rity score for a given project (with a higher score meaning higher
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maturity). At the end of the workshop, the Qualtrics survey auto-
matically generated a total EVMS maturity score for their projects
(a raw score between 1 and 1,000 points). Overall, data from 35
completed projects provided by 31 workshop participants were
collected and analyzed.

Based on the research procedures of Step 2 and Step 3, a total of
eight workshops contributed to the development and testing of the
novel EVMS maturity framework (four framework-development
workshops plus four framework-testing workshops). The adopted
workshop setting united subject matter experts with the researchers
and the research sponsor and fostered interactive dialogue between
them. This dialogue was helpful for various reasons. First, the
researchers guided the participants and trained them specifically in
using the framework step-by-step to provide the necessary numeri-
cal data or comments aligned with the research needs. For example,
participants were familiarized with the framework before applying
it to their anchor projects and programs. Second, the authors were
available to clarify questions as the data collection proceeded. Third,
with directly provided guidance from the researchers to the partic-
ipants and real-time clarifications, bias in data inputs was mini-
mized and consistency maintained across the workshops. Finally,
and based on the statistical data that will be presented next, the
authors and RT view the collected sample as sufficient to make
statistically valid claims; however, as always and as in any sample
of data, caution should be used in the generalization of the results to
every single project outside of the sample.

Step 4: Performance Data Analysis

After the framework testing data collection, general descriptive
statistics and statistical analyses were calculated using Microsoft
Excel and the IBM SPSS software. In total, 10 project performance
metrics were considered in the scope of study. These 10 project
performance measures were taken into account based on the feed-
back from the RT to be relevant and associated with EVMS based
on experiential industry evidence and criticality for project success
(other performance measures can be looked at by applying the
same methodology). They are divided into continuous and discrete
variables for the purpose of applying appropriate statistical tests.
The discrete variables included: (1) meeting business objectives,
(2) customer satisfaction, and (3) proactive management using EVMS
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(these three were evaluated on a 1-5 scale, ranging from 1 “very
unsuccessful” to 5, “very successful” looking backward to the period
post project completion), and (4) compliance to EVMS guidelines
(e.g., NDIA 2018a): a simple yes or no answer tied to 20 percent
project completion. In addition to the EVMS maturity score, the con-
tinuous variables evaluated included: (1) final cost performance

Final Project Cost — Initial PMB Budget o

index (CPI), (2) cost growth, (3) cost growth excluding change
orders, (4) schedule growth, (5) change absolute value (all applied
to the completed project), and (6) contingency applied to the project
at 20 percent completion. The last five were calculated in the follow-
ing equations, where PMB is performance measurement baseline as
it existed at 20 percent completion for the project.

Cost Growth (%) =

Cost Growth without Change Orders (%) =

Schedule Growth (%) =

Change Absolute Value (%) =

Contingency (%) =

100 4
Initial PMB Budget @
(Final Project Cost — Absolute Value of Change Orders) — Initial PMB Budget % 100 (5)
Initial PMB Budget

Final Project I.)L.lration—l.nitial Bas.eline Duration % 100 (6)

Initial Baseline Duration
Absolute Yalue of Change Orders < 100 (7)

Initial PMB Budget

Budgeted Owner Contingency % 100 (8)

To identify the impact of EVMS maturity on project performance,
a multi-series analyses was performed. First, a step-wise analysis
(Yussef et al. 2019; El Asmar et al. 2018) split the projects into two
subgroups: projects with high EVMS maturity (HM) and projects
with low EVMS maturity (LM) (for brevity, authors use the term
HM projects to refer to the projects with EVMS subprocesses that
are mature and LM projects to those with subprocesses that have
low maturity). The purpose of classifying projects in these two sub-
sets was to study the differences between them in terms of project
performance metrics. Second, the authors checked for normality of
the data distribution in each subgroup, and accordingly, a valid stat-
istical test was chosen to check for significant differences. In the
case where normality test failed, the nonparametric Mann-Whitney
U-test was conducted (Corder and Foreman 2014). When the nor-
mality test passed, an independent t-test was used to compare the
two subgroups (Corder and Foreman 2014; McCrum-Gardner 2008).
In both cases, the null hypothesis is that no difference exists be-
tween HM and LM projects for each variable. Regarding the dis-
crete variables, Mann-Whitney U-tests were done between GE and
HM projects. Third, the authors checked for correlation; the null
hypotheses were that a relationship does not exist between the matu-
rity score and each of the continuous variables. All of the results of
the data analyses are given in the following sections.

Initial PMB Budget

Results and Discussion

This section presents the results with relevant discussions. First, the
EVMS maturity framework is discussed. Second, the testing of the
framework and impact of EVMS maturity on ten key performance
metrics are discussed.

EVMS Maturity Framework and Analysis: Risk
Discussion

The resulting level 5 scores for all 56 attributes in the maturity as-
sessment framework are presented in Fig. 3. Some of these attributes
constitute higher risks to the overall EVMS maturity, as discussed
in the next paragraphs. An excerpt of the resulting scoresheets is
presented in Fig. 4, corresponding to subprocess I (Subcontract
Management), that has a total of three attributes. The figure shows
how the scores for all levels are interpolated between the maximum
Level 5 scores and the minimum Level 1 score of zero.

The analysis of the maturity assessment framework shows that
the top ten attributes, when ranked from highest to lowest score,
are: J.1, J.2, B.7, F4, ES, B.10, A4, G.2, A.1, and B.1. These
10 attributes represent approximately 20% of the attributes in the
framework and when each is assessed as level 5, are collectively

SUB-PROCESS I: SUBCONTRACT MANAGEMENT

Maturity Level
Attribute N/A 1 2 3 4 5 Comments
L.1. Subcontract Identification and
Requirements Flow Down 0 5 ? 14 19
1.2. Subcontractor Integration and Analysis 0 6 11 17 22
1.3.  Subcontract Oversight 0 5 9 14 19
Column Totals 0 16 29 45 60

Fig. 4. Excerpt from the maturity framework scoresheets.
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responsible for 254 points (out of 1000), or approximately 25% of
the overall EVMS maturity; thus, they represent higher risks to the
EVMS when poorly applied. The top two of these ten attributes
are related directly to risk management: J.1.Identify, Analyze and
Manage Risk (score = 32) and J.2.Risk Integration (score = 28).

Conversely, H.3. Residual Material (score = 9), H.5. Identifica-
tion of Unit Costs and Lot Costs (score = 8), and C.2. Summary
Level Planning Packages (SLPPs) (score = 6) represent the matu-
rity attributes with least level of importance, constituting only 2%
risk to the EVMS maturity (total of 23 score out of 1,000). This
difference may be because not all projects deal with acquiring
materials and the use of SLPPs. While testing the framework on
35 completed projects, these attributes were reported among the top
N/A attributes.

Of the EVMS subprocesses, the top three based upon the high-
est relative scores are B. Planning and Scheduling (score = 202),
C. Budgeting and Work Authorization (score = 178), and G. Change
Control (score = 116). These three subprocesses, together, are
responsible for 50% of the overall EVMS maturity, representing
higher risk to maturity than others.

Subprocesses H. Material Management (score = 59), and E.
Indirect Budget and Cost Management (score = 55) have the lowest
overall weighting among the 10 subprocesses. Cross-checking these
results with industry survey results ranking highest impact EVMS
subprocesses, shows that these two (material management and indi-
rect budgets and cost management) match exactly with previous
independent results (Aramali et al. 2021). However, each of these
subprocesses is still important in the integration of an EVMS.

Planning and scheduling is the top subprocess identified in both
framework development and survey results, budgeting and work
authorization is top 5 in survey results, and change control is top 2.
Since there is a good match in results from the two sources, a high
reliability is demonstrated from a triangulation perspective using a
multimethod approach (Green et al. 2002).

Performance Results

As discussed earlier, four additional framework testing workshops
were conducted and captured data from 35 completed projects. Par-
ticipants in these workshops could be considered a convenience
sample as they needed to provide detailed information on completed
projects and programs while having the requisite knowledge about
EVMS and integrated project and program management. The indi-
viduals who participated in these testing workshops (Step 3 of the
research method) were focused solely on testing the framework
as developed through the first set of workshops. These workshops
included 31 participants, with an average industry experience of
19 years. The majority of participants represented government con-
tractor organizations (61%), followed by government organizations
(23%) and consultants (16%). In terms of employment role, roughly
23% had roles in project management, 19% in project controls man-
agement, 19% in compliance management, 19% in consulting role
and the remaining (20%) were mostly executives. Overall, the frame-
work testing input came from a diverse pool of individuals with a
variety of expertise and perspectives.

After the data were collected in the workshops, the raw maturity
scores in the sample were adjusted. This was done because when
a respondent selected an attribute as N/A, no score is gained and
thereby the total maximum possible EVMS maturity score would
be less than 1,000. In order to provide a consistent comparison data
analysis among projects relative to one another, each respondent’s
evaluations were normalized to 1,000 points. The following formula
was used to adjust the raw EVMS maturity score.
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Adjusted Maturity Score

B Raw Maturity Score
1000 — > (maturity level 5 scores of 'N/A” attributes)

©)

The denominator is the maximum score that the project could
achieve if maturity level of all the applicable attributes were rated as
the highest. It is calculated as 1,000 points minus the level 5 scores
of the N/A attributes. For example, a project received a raw maturity
score of 575 and had 5 N/A attributes: C.2, C.11, G.6, H.4 and H.5.
Their level 5 scores are 6, 11, 12, 12, and 8, respectively. The
maximum possible score is 951 (1000-sum of level 5 scores of
these 5 attributes = 1000—(6 + 11 + 12 + 12 + 8)). Therefore, the
adjusted maturity score, in this case, is 575/951 x 1000 which
equals 604.6, rounded to 605. These adjusted maturity scores were
used in the framework testing data analysis.

Performance Data Characteristics

A data sample included 35 projects all located in the United States,
worth $21.848 billion USD in final costs, and having an average of
56 months-duration. They belonged to various sectors, with the ma-
jority in construction: construction (34%), defense (26%), environ-
mental (17%), software (9%), aerospace (9%), and science (5%).
Sample descriptive statistics are given in Table 1. Screening the
data sets showed that some project information had missing values
that the participants were not allowed to share, but all the available
provided data were analyzed. Hence, some of the sample sizes are
different in the data set.

As shown in Table 1, the EVMS maturity scores had an average
of 657 (of a possible 1,000) ranging from 78 to 8§98, and a median
of 703. This indicates that the framework was able to measure the
EVMS maturity of projects over a wide range. This also implies
that the developed framework achieved its research intent in having
well-defined technical components that can be reasonably assessed
in terms of maturity, with a wide maturity score range as evidenced
by the input, and confirmed by participants’ feedback.

Maturity Score Threshold
The authors tried several methods to determine an appropriate
threshold score that splits the sample into two: HM projects and LM
projects. One option was to consider the median (703) as a potential
score threshold. The authors also conducted a step-wise sensitivity
analysis to find an alternative threshold score by following the
method of Yussef et al. (2019) and El Asmar et al. (2018) who set
maturity score threshold in the topic of front-end engineering de-
sign. For this, the maturity scores were arranged in an ascending
order with their cost growth data. Then the cost growth between
the two subsets were compared statistically, starting with the lowest
score and stepping up to the next project’s score. By repeating this
process, each subset comparison generated a corresponding p-value.
The p-values were plotted against EVMS maturity score in Fig. 5.
The lowest p-value of 0.0020 corresponded to the maturity score
of 544. This means that a score between 544 and the following 552
is expected to divide the projects into two at the most statistically
significant point. The authors discussed the project performance
differences with the RT considering the median, the results of the
step-wise analysis, and various score threshold around the median.
After data analysis and feedback from the RT, the authors decided
to set the EVMS maturity score threshold at 550 in the sample in
line with the proven method from the literature and agreed-upon
with the RT for practicality in the field. Therefore, the projects with
scores greater than 550 were considered as HM projects, versus
those with less than 550. Furthermore, the project names were num-
bered from P1, to P35 where P stands for project to ensure confi-
dentiality of the data. Fig. 6 shows the maturity scores of P1 to P35
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Table 1. Descriptive statistics (N = 35)

Data N Avg. Median Std. Dev. Min Max
Collected
Initial Performance Measurement Baseline (PMB) 33 473.4 112.0 976.9 3.1 3,981.0
budget (in $M)
Final project or program cost (in $M) 33 662.1 150.0 1,491.2 4.8 7,500.0
Final CPI (dimensionless) 35 0.94 0.98 0.12 0.6 1.1
Budgeted owner contingency above PMB, 28 159.1 13.6 601.0 0.0 3,200.0
including Management Reserve (MR) (in $M)
Absolute value of change orders (in $M) 28 37.5 11.0 61.6 0.0 266.0
Initial baseline project/program duration (in months) 32 50.3 48.0 20.7 8.0 96.0
Final project/program duration (in months) 32 56.0 48.5 25.8 20.0 132.0
Meeting business objectives (1-5 scale) 35 4.1 4.0 1.1 1.0 5.0
Customer satisfaction (1-5 scale) 35 4.1 4.0 1.1 1.0 5.0
EVMS helped proactively manage the project (1-5 scale) 35 3.5 4.0 0.9 1.0 5.0
Calculated
Raw maturity score (collected by participants) 35 616 629 176 57 887
EVMS maturity score (out of 1,000, adjusted by author) 35 657 703 182 78 898
Cost growth (in %) 34 +56.1 +13.0 121.4 —13.8 +537.9
Cost growth, excluding change orders (in %) 29 +9.9 +0.0 36.7 —51.6 +147.1
Schedule growth (in %) 34 +17.8 +2.1 46.6 —20.0 +250.0
Change absolute value (in %) 30 533 13.8 122.2 0.0 537.9
Contingency (% of PMB) 30 +34.8 +10.7 103.8 +0.0 +572.7
0.75 950
0.65 = P19,898 -
2 P14, 886 = P28, 887
055 g 850 b P08
g - P3,823
PITBIS o
T 035 z P35,759 ~. ~ P24,734
- é " P79 Epyl s
025 g Pl% ;(l)é # P30, 709
g ,703 -T-p33, 707
2 P31,677 = P9, 684
0.15 650
B3 638 T pi1 626
0.05 P10,605 =
P16, 573 Projects with High
005 ° 100 200 300 400 500 600 700 800 900 1000 Threshold = 550 P5,570 & P13’ Jss Maturity (HM); N=27
Maturity Score (0-1,000) 550 PE, 544 =
P7,528 - Projects with
. . . . P26,511 = ) :
Fig. 5. Step-wise sensitivity analysis results. P23.491 ® P6, 493 Low Maturity (LM); N=8
450
P18, 420 -
and, where the horizontal line splits them into two at the threshold.
This may imply that future or current projects and programs could
. . . 350
potentially be benchmarked against this threshold value, and as
an option, striving to achieve a better score, hence an enhanced
application of EVMS.
250
Performance Data Analysis and Discussion
First, the authors investigate the impact of high and low EVMS P1,202 -
maturity on the continuous performance metrics: cost growth with
and without change orders, schedule growth, change absolute value, 150
contingency, and final CPL. The authors performed Shapiro-Wilk Legend: e
normality tests for the data in each subgroup (HM and LM projects) . E,lléaigilePﬁrge;ﬁfeg:f;;;j;m
to test their differences statistically with an appropriate statistical ’ data; “202 is the maturity score
test. Since the spread of the continuous performance metric data %0 for P1, and so forth
deviated significantly from a normal distribution in at least one . . .
subgroup, Mann-Whitney-Wilcoxon (MWW) tests were conducted Fig. 6. Mawrity score of each project (N = 35).
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Table 2. Descriptive statistics per maturity subgroup (continuous variables)

Performance Metric Subgroup N Sig.® Median Delta-median Sig.
Cost growth HM 26 0.000 +7.3% 54.5% 0.002
LM 8 0.006 +61.8%
Cost growth, excluding HM 22 0.001 —0.1% 14.1% 0.087
change orders LM 7 0.565 +14.0%
Schedule growth HM 26 0.000 +0.0% 20% 0.289
LM 8 0.958 +20.0%
Change absolute value HM 23 0.000 +10.6% 19.4% 0.047
LM 7 0.006 +30.0%
Contingency HM 23 0.000 +9.4% 2.6% 0.750
LM 7 0.000 +12.0%
Final CPI HM 27 0.006 0.99 0.07 0.125
LM 8 0.692 0.92
Note: HM = high maturity; and LM = low maturity.
4Sig.” is the p-value resulting from the Shapiro-Wilk normality test.
bSig.” is the p-value resulting from the statistical test when comparing the two subgroups.
Table 3. Descriptive statistics per maturity subgroup (discrete variables)
Performance metric Subgroup N Mean Delta-mean Median Delta-median Sig.?
Meeting business objectives HM 27 4.4 1.3 5.0 1.5 0.006
LM 8 3.1 35
Customer satisfaction HM 27 4.4 13 5.0 1.0 0.012
LM 8 3.1 4.0
EVMS helped proactively manage HM 27 3.7 1.0 4.0 1.0 0.067
LM 8 2.7 3.0

Note: HM = high maturity; LM = low maturity; Delta-mean = absolute difference in means between HM and LM subgroups; Delta-median = absolute

difference in medians between HM and LM subgroups.

4Sig.” is the p-value resulting from the statistical test when comparing the two subgroups.

that compare the medians between the two subgroups (Corder and
Foreman 2014; McCrum-Gardner 2008). Therefore, the medians
are calculated per subset, as well as the absolute value of difference
between median for the two subsets (delta). The results of all these
steps are in Table 2.

Second, the authors investigated the impact of EVMS maturity
on the discrete performance metrics. Data were collected on a Likert
scale of 1 to 5 in terms of three discrete metrics, “the project met its
objectives and business drivers,” “customers were satisfied with the
results of the project/program,” and “the EVMS helped to proac-
tively manage the project/program.” Ranking them as 5 meant that
the project met the criteria very successfully; whereas 1 meant the
project did not meet the criteria (very unsuccessfully). The scale in
between ranged from successfully (4) to somewhat successfully (3),
and unsuccessfully (2). Compliance is the final discrete metric; the
participants assessed their projects if they were compliant with the
guidelines (NDIA 2018a) at the point in time at 20 percent project
completion or not (EVMS compliance is typically certified by the
owner). Regarding the discrete metrics, given their variable type, the
Mann-Whitney U-tests were used to indicate whether the differen-
ces between the subgroups were statistically significant or not. The
descriptive statistics of the discrete variables and the results of the
tests are in Tables 3 and 4.

The results showed a statistically significant difference between
HM and LM projects in seven out of ten performance metrics for
this sample. These included three continuous variables and all four
discrete variables. As such, the relationship between higher EVMS
maturity and project performance, as raised by research question #3,

© ASCE

04023031-10

Table 4. Descriptive statistics per maturity subgroup (compliance)

% of % of
Performance compliant ~ noncompliant
metric Subgroup N projects projects Sig.?
Compliance HM 25 88.0% 12.0% 0.002
LM 7 28.6% 71.4%

Note: HM = high maturity; and LM = low maturity.
4‘Sig.” is the p-value resulting from the statistical test when comparing the
two subgroups.

was found for seven out of the ten performance metrics. No statisti-
cally significant differences were found in terms of schedule growth,
contingency, and final CPL

In terms of continuous variables, the differences in cost growth
between HM and LM projects are statistically significant at 0.05
level: on average, the HM projects outperformed LM projects by
approximately 54% in cost growth in the sample. This may imply
that stakeholders, by putting an emphasis on the maturity of all
ten EVMS subprocesses, could potentially improve project perfor-
mance dramatically based on this sample. Although the academic
literature lacks evidence on impact of EVMS maturity on project
performance, the authors found these results to be aligned with
industry sources reporting that one of the high program cost
growth reasons are immature processes (GAO 2021), and immature
organizational capabilities (PMI 2018). While this study’s sample
contains a wide range of project types, these results were found to
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be complementary to the exploratory study on the environment
around EVMS and cost performance focusing only on construction
projects from the sample (Aramali et al. 2022c¢). In general, EVMS
implementation processes were also found to significantly impact
project success (Kim et al. 2003) and maturity of the project man-
agement is an essential ingredient in organizations to achieve cost
savings (Yazici 2009). Second, the differences were statistically
significant at a 0.1 level in terms of cost growth, excluding change
orders. This means that change orders had a large impact on cost
growth, and isolating the impact of change orders, the HM projects
have better cost performance by 14%, on average, in the sample.
Errors or omission in contracts and scope related issues lead to
higher change orders (Alnuaimi et al. 2010; Giinhan et al. 2007,
Dumont et al. 1997), and the EVMS guidelines support improved
scope definition with quality work breakdown structure (WBS).
Therefore, greater change orders were anticipated in LM projects.
Another serious problem with the LM projects could be that
changes were handled inadequately and so the EV calculations
were not relevant (Joseph and Lukas 2008). Third, the differences
in change absolute value were statistically significant at 0.05 level:
on average, the LM projects experienced 19% greater change
orders versus PMB than HM projects. This may imply that stake-
holders putting an emphasis on the maturity of the 10 EVMS sub-
process could also have higher chances of completing the project
with fewer change orders.

The differences in terms of all four discrete variables were also
significant. The HM projects were better in meeting business objec-
tives, satisfying the customer, using EVMS for a proactive project
management, and compliance. Although applied in an organizational
setting, these results matched with the findings of Yazici (2009)
who revealed that organizations having higher level of project man-
agement process maturity apply best practices and can achieve cost
savings, compete better and succeed in business. Similarly, organ-
izations that had mature processes experienced higher customer
satisfaction and business returns (Goldenson and Gibson 2003).

Correlation Between EVMS Maturity and Project
Performance

The authors tested for correlation between the EVMS maturity
score and each of the cost growth with and without change orders,
schedule growth, change absolute value, contingency, and final CPL.
The correlation coefficient, with an r value between +1 and —1,
informs on the strength of the linear relationship between two
variables (Sheskin 2003). The results are shown in Table 5.

The results show two significant and weak relationships. The
first is between the EVMS maturity and cost growth excluding
the value of change orders (r = —0.351; p-value = 0.062 < 0.1). The
second is between EVMS maturity and final CPI (r = 0.397;
p-value = 0.018 < 0.05). The higher the EVMS maturity, the less
cost growth for this sample, isolating the impact of change orders.

Table 5. Pearson’s correlation test results

Sample Correlation

Metric size coefficient (r) Sig.
Cost Growth (in %) 34 —0.200 0.257
Cost Growth, excluding change 29 —0.351%* 0.062
orders (in %)

Schedule Growth (in %) 34 0.027 0.880
Change Absolute Value (in %) 30 —0.090 0.636
Contingency (% of PMB) 30 —0.091 0.631
Final CPI 35 0.397* 0.018

Note: *Correlation is significant at 0.05 level; and **Correlation is
significant at 0.1 level.
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And the project cost efficiency (CPI) improves with higher levels of
EVMS maturity. These results improve the understanding of the
impact of EVMS maturity to the project performance in support to
the third research question.

Conclusion and Future Work

As part of this investigation, the authors developed a novel and
effective EVMS maturity assessment framework with the help
of a large research team consisting of 36 EVMS industry experts
and based on an extensive literature review, an industry survey,
four framework development workshops, and four performance
testing workshops, including collected feedback from an addi-
tional 56 EVMS practitioners.

Using this framework, the maturity of each of the 56 attributes
and its corresponding description is evaluated on a rating scale rang-
ing from 1 to 5 resulting in an overall project EVMS maturity score
(1,000 points is the maximum; with higher meaning better matu-
rity). Each scale has well-defined criteria and a score associated with
it. Based on the practitioners’ feedback, Planning and scheduling
subprocess was found to have the highest impact on EVMS matu-
rity, followed by Budgeting and Work Authorization, and Change
Control. Conversely, Material Management, and Indirect Budget
and Cost Management have the lowest impact. Out of the 56 attrib-
utes: (1) Identify, Analyze and Manage Risk; (2) Risk Integration;
and (3) Critical Path and Float were identified as the top maturity
attributes in level of importance.

The authors tested this framework on 35 completed projects,
totaling $21.8 billion, that were collected from 31 subject matter
experts through four framework testing workshops. Their average
maturity score is 657 and their median is 703 out of 1,000. The score
threshold between projects with high (HM) and low (LM) EVMS
maturity based on the step-wise sensitivity analysis of the sample
is 550. Significant differences were determined between the two
subgroups in terms of most of the performance metrics: cost growth,
cost growth excluding change orders, change absolute value, meet-
ing business objectives, customer satisfaction, EVMS helped proac-
tively manage projects, and compliance. HM projects outperformed
LM projects in these metrics.

For this sample, the authors found quantitative evidence of the
relationship between EVMS maturity and project performance. On
average, projects that demonstrate a high level of EVMS maturity
showed a 54% difference in terms of cost growth versus a PMB at
20% project completion and, 19% difference in change orders ver-
sus the PMB at this same point. These results are based on a project
sample with a wide variety of project types.

Overall, based on the favorable feedback of the industry experts
who participated in all the workshops, the authors concluded that
the EVMS maturity attributes and subprocesses can be defined,
agreed-upon, and measured. Participants also agreed on the prac-
ticality of the framework in the field.

Key guidance to practitioners is using the framework several
times during a project lifecycle. Since the framework was shown
to be effective and practical, project leaders from both the customer
or/and the contractor side (i.e., project business managers, project
control analysts, control account managers, and so forth) would be
able to use it to positively influence the project outcomes before
the project ends. Evaluating each of the 56 attributes as applied to
the project, helps identify the poorly rated attributes. These attributes
can then be taken to project team meetings, where decision makers
can address them as the project progresses, similar to the gap analy-
sis step to achieve EVMS compliance certifications (Lindsay et al.
2013). Furthermore, the correlation coefficients found between

J. Constr. Eng. Manage.

J. Constr. Eng. Manage., 2023, 149(6): 04023031



Downloaded from ascelibrary.org by 136.226.19.55 on 04/10/23. Copyright ASCE. For persona use only; all rights reserved.

project performance measures and EVMS maturity suggest that they
are able to specifically improve the project cost performance by em-
ploying mature EVMS attributes and subprocesses throughout the
project lifecycle.

Overall, the contributions of this study to the body of knowledge
are twofold. First, a novel EVMS maturity assessment framework,
named [P2M METRR, which stands for integrated project/program
management maturity and environment total risk rating, was cre-
ated considering 56 maturity attributes derived from multiple sour-
ces and extensive input from industry. The framework provides the
capability for project owners and contractors to objectively and con-
sistently assess their EVMS throughout a given project. Therefore,
it sheds light on the issues related to project controls and on any
underdeveloped characteristics needed for a high-performing EVMS.
Owners and contractors can use the framework on large and complex
projects in construction, aerospace, energy, defense, and other sec-
tors. Second, the framework was tested on 35 completed projects and
programs giving data-driven evidence on the relation between the
EVMS maturity and project performance, for the first time. Such a
research and development investigation has not been conducted in
the past and is a major contribution of this paper.

Some limitations may exist in this study. The tested projects
were all located in the United States; however, the framework was
developed considering international standards and guidelines that
are applicable across geographic boundaries. Future work could
include international projects and comparing the results to those
published in this paper. Moreover, although the sample used in
this study is considered large and reached statistical significance,
the findings from this sample may not represent the broader pop-
ulation of all projects. Future work also includes continuing to test
the framework on in-progress projects, as well as evaluating the
impact of social aspects on project performance together with
EVMS maturity. The authors expect that these efforts will help
stakeholders exercise more effective EVMS application and con-
trol over their projects, and benchmark against other projects for
competitive advantage.
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